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® Rexibie circuit magnetic core winding for a core member. 



© A flexible circuit (20), sufficiently rigid for easy 
handling, is inserted once into the window (9i) of an 
Integrally fomied core member (81)for a magnetic or 
ferrite head assembly. This flexible circuit contains a 
pattern of several parallel conductors. When the 
flexible circuit Is bent aroond the core member, the 
ends of the parallel conductors come together. 
When respective isnds are soldered together, a con- 
^tlnuous multi-turn winding Is created. Only one inser- 
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^tlon is required, the flexible dmuit is less prone to 
breakage, . the electrical characteristics are repeat- 

OJable, and the turns are Inherently shielded and in- 

jjjsulated from each other. Most importantly, the flexi- 
ble circuit Is easily adapted to an automated assem- 

J^!bly line. 
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FLEXIBLE CIRCUIT MAGNETIC CORE 



BACKeROUND OF THE INVENTION 

This Invention relates generally to flexible cir- 
cuit magnetic core windings, particularly for core 5 
members, and more particularly Integrally formed 
core members having a window such as those 
found on fem*te head assemblies, and to methods 
for assembling magnetic core windings around in- 
tegrally formed core members, both by operators w 
and automatically by mechanical means. 

^Aagnet^c core windings for core members are 
known in the art In the manutecture of fenite 
heads for reading fixed magnetic media, such as 
on a hard file, an operator typically threads wires 75 
through the window of the Integrally formed core 
. member on the fenite head a given number of 
times. Due to the very small window in the core 
member and the small wires Involved, the operator 
may need magnification to see what he or she Is 20 
doing. This is a time consuming, tedious, error 
prone iob that requires a highly skilled operator. 
The wires are subject to breakage, the operator 
can err by threading the wire too many or too few 
times. The wires can cross each otiier inside the 2$ 
core member, resulting in uneven magnetic char- 
acteristics. 

Attempts have been made in tiie past to auto- 
mate this process. Machines have been developed 
to assist the operator in counting the number of. ao 
turns, and In guiding the wire to the core member. 
Although these machines have been useful to as- 
sist tiie operator, they have not been able to fully 
automate the process. 

In addition, the lack of mechanical strengtii of ss 
the wire windings has resulted in tower reliability of 
the magnetic head assembly, since the wires are 
free to vibrate and Wear. 



SUMMARY OF THE INVENTION 

This invention solves the problems inherent in 
tiie present system of core windings in integrally 
formed core members, e.g., on magnetic head 46 
assemblies, by eliminating tiie wire altogether. In- 
stead, a flexible circuit sufficiently rigid for easy 
handling, is simply inserted once into tiie window 
of tiie integrally formed core member. This flexible 
circuit contains a pattem of several parallel conduc- so 
tors. The flexible circuit is tiien bent around the 
core member so tiiat tiid ends of tiie parallel con* 
ductors come together. When tiie respective ends 
are soldered together, a continuous multi-turn wind- 
ing Is created. 



WINDING FOR A CORE MEMBER 



Therefore, only one insertion is required, the " 
flexible circuit Is less prone to breakage, the elec* 
trical characteristics are repeatable, and the toms 
are inherentiy shielded and insulated from each 
otiier. Most importantiy, tiie flexible circuit is easily 
adapted to an automated assembly line. 

Attempts have been made in the past to utilize 
thin film circuitry in conjunction with U-shaped or 
rod-like magnetic cores. However, none of these 
attempts involved tiireading tiie tiiin film circuit 
through tiie window of an Integrally fonmed core 
member, folding tiie ends togetiier and soldering 
respective ones to create a multi-torn winding. In 
addition, none of these attempts Is capable of 
efficientiy being used In an automated process In a 
magnetic head assembly. 

Accordingly, it Is an object of tiii3 invention to 
provide an Improved apparatus and metiiod for the 
manufactore of ferrite head assemblies. 

it is another object of the Invention to provide a 
flexible drcuit magnetic C9re winding for a core 
member made up of a pattem of parallel conduc- 
tors ananged such tiiat a multi-torn winding Is 
created when the ends of tiie circuit are brought 
togetiier and connected. 

It is another object of the invention to provide a 
method for an operator to easily assemble a flexi- 
ble circuit magnetic core winding around a core 
memt)er with only one insertion. 

it is yet anotiier object of tiie Invention to 
provide a metiiod for automatically assembling a 
flexible circuit magnetic core winding around a core 
member without tiie need of human intervention. 



BRIEF DESCRIPTION OF THE DRAWING 

Rg. 1 Is a core member with a conventional 
wire wound core. 

Fig. 2 Is the flexible circuit magnetic core 
winding of the subject invention. 

Fig. 3 shows the detail of the parallel con- 
ductors of tiie flexible circuit magnetic core winding 
of Rg. 2, 

Rgs. 4A-4F show tiie prefen'ed technique of 
plating for making tiie flexible circuit magnetic core 
winding of Rg. 2. 

Rgs. 6A-5E show the alternate print and etch i 
technique of making ttie flexible circuit magnetic 
core winding of Fig. 2. _ 

Rgs. 6A, 68 and 7 show tiie steps of man- •« 
ually assembling a flexible circuit magnetic core 
winding around a core member. 
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Figs. 8-11 show flie steps of assembling a 
flexible circuit magnetic core winding around a core 
member through automation without the need for 
human intervention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Refemng first to Rg. 1. the conventional wire 
wound coil around a core member for a ferrite 
head Is shown. Wires 12 and 15 are inserted 
through window 13 of integrally fomned core mem- 
ber 14 a specified number of times by an operator 
using a needle or hook type of device (not shown). 
Additional machinery (not shown) may be used to 
assist the operator to guide wires 12 and 15 to 
window 13 and to assist the operator in counting 
the number of turns/ Since core member 14 and 
wires 12 and 15 are very small, magnification Is 
usually needed to enable the operator to see what 
he or she Is doing. 

Integrally fonmed core member 14 is made up 
of ferrite leg portions 16 and 17, transducing gap 
portion 18. and window 13. When wires 12 and 15 
are energized, a magnetic field is created by gap 
18, TItis magnetic field Is used to read and write to 
disk 19. 

Refemng now to Rg. 2, a flexible circuit mag- 
netic core winding 20 is shown. Circuit 20 Is con- 
structed on an insulating flexible strip 21. prefer- 
ably polyimide. Patterned onto strip 21 are winding 
area 22. leads 42a. 421. 42q. and lead pads 31. 32. 
and 33 at one end of strip 21. The otiier end of 
strip 21 is removed from wider portion 24 down to 
an extended nanrower tab portion 23, which Is 
utilized in the assembly operation, as will be de- 
scribed below. Preferably, at least one edge of tiie 
area between tab portion 23 and wider portion 24 Is 
angled as shown, to assist in tiie assembly opera- 
tion. 

Sensing holes 28 and 27 are used in tiie auto- 
mated assembly process as described below. 

Rg. 3 shows winding area 22 In more detail. 
Rg. 3 shows ttie prefen-ed embodiment of winding 
42 with a center tap. In tiie preferred embodiment, 
circuit 20 is used for a ferrite head where a single 
winding witii a center tap performs both read and 
write functions. 

Referring again to Rg. 3. winding area 22 has 
end areas 44 and 45 and a middle section 46. End 
areas 44 and 45 each contain two rows of square 
connector pads 42a-42q and 42a'-42p', respective- 
ly. The prime rotation Is used to refer to pads to 
the right of center line 48. A first conductor line 
connects pad 42a to pad 42a', a second conductor 
line, adjacent to the first conductor line, connects 
pad 42b to pad 42b'. and so on. Since tiie conduc- 



tor lines originate at pads 42a-42q and tenminate at 
pads 42a'-42p'. pads 42a-42q are referred to as 
originating pads and pads 42a'-42p' are ralenred to 
as terminating pads 
s Note that the conductor lines are substantially 
parallel to each otiier, particulariy in tiie operative 
middle section 46. This parallel nature results In 
improved electrical characteristics of tiie winding. 
When circuit 20 Is folded about center point 48, 

10 pad 42b aligns witii pad 42a'. Likewise, pad 42c 
aligns witii pad 42b', pad 42d aligns witii pad 42C. 
and so on. In tills manner, tiie parallel conductor 
lines form a multi-turn winding 42 when the respec- 
tive aligned pads are connected. Pads 42a and 42q 

IS become tiie leads of winding 42, In tiie prefen-ed 
embodiment of Rg. 3, one winding of sixteen turns 
is created. However, tiie number of windings and 
the number of turns in each winding can easily be 
varied for ttie specific application. For example, 

20 additional windings can be created by simply inter- 
posing other parallel conductors between tiie par- 
allel conductors shown in Rg. 3. Of course, the 
arrangement of the square connector pads would 
have to be modified slightiy. a feat well witiiin tiie 

26 capabilities of one skilled in ttie art; One skilled in 
tiie art would also realize tiiat multiple windings 
could also be created by stacking a plurality of 
circuits such as tiiat shown in Rg. 3 on top of each 
otiier, eitiier all embedded in the same flexible 

30 stilp, on opposite sides of tiie same strip, or In- 
dividually in a plurality of flexible strips. 

Refemng again to Rg. 3, as well as Rg. 2. line 
421 is a center tap lead for ttie winding 42 in ttie 
prefen^ed embodiment Lines 42a, 42i, and 42q 

S5 connect to lead pads 31. 32. and 33. respectively 
(Rg. 2), for connection to a read/Write driver circuit 
(not shown). The read/write driver circuit energizes 
half of tiie winding (tiie first half of tiie parallel 
conductor lines via lead pads 31 and 32) for a write 

40 operation, and utilizes tiie entire winding (all par- 
allel conductor lines via lead pads 31 and 33) for a 
read operation. The whole winding Is utilized for a 
read operation because ttie signals coming from 
ttie disk are weiaker ttian ttie write signals. Fewer 

46 turns are used for tiie write operation to limit tiie 
inductance of the winding for the fastest possible 
switching. The entire winding Is not needed ttien 
because of tiie larger amount of cunrent available 
from the driver circuit Thus, ttie center tap Is used 

50 to allow one winding to be used for botti read and 
write operations. 

One skilled in the art would realize ttiat there 
are circumstances where a different pad otfier tiian 
the one In ttie center (here. 421) would be ^con- 
es nected^to lead pad 32. For example, only one 
quarter of ttie winding might be needed for ttie 
write operation. In tiiat case, pad 42e would be 
connected to lead pad 32. 
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A preferred method of making circuit 20 by a 
plating tecfinique is shown in Rgs. 4A«4F. Rg. 4A 
shows a side view of flexible media or substrate 51 
thinly coated with copper seedlayer 52. Thicic 
piiotoreslst 53 is applied to thin copper seedlayer 
52. Fig. 4B shows the result after ultraviolet light is 
shone through the desired pattern onto photoresist 
layer 53. After developing, copper seedlayer 52 is 
exposed where the ultraviolet light exposed re- 
moved photoresist 53 in a positive photoresist pro- 
cess. In Rg. 4C. copper pattern 57 is plated in the 
areas between existing photoresist 53. The plating 
operation can be either electro-plating or electro- 
iess plating. In Rg. 4D. a thin film of solder 58 is 
plated onto copper pattern 57. In Rg. 4E, remain- 
ing photoresist 53 and the then exposed seedlayer 
52 are stripped away, thus leaving flexible media 
51. unexposed seedlayer 52 under the desired 
copper pattern 57, and solder 58. In Rg. 4F. lami- 
nate 59 Is added to copper pattern 57 in ail areas 
except lead pads 31, 32, and 33 as shown in Rg. 2 
and connector pads 42a-42q and 42a'-42p' as 
shown in Rg. 3. A plating method Is prefenred 
because the plating of the solder 58 simplifies the 
subsequent soldering step discussed later. Also, 
copper pattern 57 can be created with a higher 
degree of precision than an alternate method which . 
will now be described. 

An alternate method of making circuit 20 is the 
print and etch technique as shown in Rgs. 5A-5F. 
Rgure 5A shows a side view of flexible media or 
substrate 61 coated with copper 62. Photoresist 63 
is appHed to copper coating 62. Rg. 5B shows the 
result after ultraviolet light is shone through the 
desired pattern onto pTiotoresist layer 63. After 
developing, portions of copper 82 are uncovered 
where ultraviolet light removed photoresist 63 in a 
positive photoresist process. As shown in Rg. 5C. 
the uncovered copper portions are etched away, 
thus defining the winding pattern under the 
photoresist 63. However, the etching results in 
some undercutting of the copper, and ttie side 
wails of remaining portions 62 thus are somewhat 
slanted, as shown exaggerated. In Rg. 5D, the 
remaining photoresist 63 is stripped away, thus 
leaving flexible media 61 and copper portions 62 in 
the desired pattern as shown in Rg. Z In Rg. 5E, 
laminate 69 Is added to copper layer 62 in all areas 
except lead pads 31, 32, and 33 as shown In Rg. 2 
and the connector pads in 42a-42q and 42a'-42p' 
as shown in Rg. 3. 

A prefenred method for manually assembling 
the flexible magnetic core winding around a core 
member is shown in Rgs. 6A, 6B and 7. Rg. 6A is 
a top view of circuit 20 being inserted into window 
91 of Integrally fonmed core member 81, which is 
mounted perpendicuiarly to head assembly 82. Tab 
23 (Rg. 2) is first Inserted through window 91. Note 



that ^e width of tab 23 is preferably slightly less 
than the width of window 91, Wider portion 24 of 
cin:uit 20 (Rg. 2) Is then curled over to fit through 
and drawn through window 91 of core member 81. 
5 After wider portion 24 is through window 91, circuit 
20 snaps back flat l^iddle section 46 (Rg. 3) is 
approximately the same width as window 91 » so as 
to provide a friction fit within window 91 of core 
member 81. 

10 End sections 44 and 45 are sufficiently wider 
than middle section 46 (Rg. 3) to provide enough 
area for soldering together the pads that make up 
winding 42. The connector pad3 of end areas 44 
and 45 are larger than the conductor lines and 

T5 placed In two rows to nr^aximize the size of the 
pads and maximize the distance between the adja- 
cent pads. In this manner, reliable repeatable sol- 
der connections can be made with no solder bridg- 
ing between pads. 

20 No tool is required to insert circuit 20 into 
window 91 of core member 81, as the circuit has 
suffident rigidity to be threaded by Itself. Circuit 20 
is threaded through window 91 of core member 81 
until circuit center point 48 (Rgs. 2 and 3) is 

25 aligned with core member center point 83, as. 
shown in Rg. 68. 

Referring now to Rg. 7, a side view of circuit 
20 inserted halfwiay through window 91 of core 
member 81 is shown. For illustrative purposes, the 

30 loop of circuit 20 is drawn larger than it would be in 
practice. Although not visible in this figure. Connec- 
tor pads 42b-q in end area 44 are then aligned with 
connector pads 42a'-p', respectively, in end area 
45. 

3S With circuit 20 held by an aligning fixture (not 
shown) which compresses circuit 20 in end areas 
44 and 45, the aligned connector pads are sol- 
dered together, thus making one complete multi- 
turn winding in the preferred embodiment In the 

40 prefenred embodiment soldering is done by gas 
heat transfer., where a remote healing element (not 
shown) heats a quantity of Inert gas which is then 
blown on the strip. Since the connector pads have 
already been coated with solder as described in 

46 the preferred embodimerit plating process shown in 
Rg. 4, the solder melts when exposed to the hot 
gasses to produce the completed winding. 

In addition to gas heat transfer soldering, there 
are many other soldering methods that could also 

so' be used. For example, laser soldering, solid heat 
transfer soldering, capacitance soldering, or ultra- 
sonic soldering could be used as well. 



55 



7 



0 262 328 



B 



Lead pads 31, 32. and 33 (Fig. 2) can now be 
routed for connection with a read/write driver dr- 
cuit. as previously discussed. Lead pads 31-33 can 
be soldered as required, since the material of flexi- 
ble media 21 Is chosen to maintain integral stability 
well into the range of temperatures required for this 
operation. 

In operation, the magnetic disk (not shown) 
would be positioned In Fig. 7 parallel to head 82. 
atop transducer gap 95, which in conjunction with 
circurt 20 and core member 81 create the magnetic 
and electric fields necessary to read and write data 
to and from the disk. 

Rgs. 8-11 describe a prefen-ed method for 
automatically assembling the flexible magnetic core 
winding around a core member. Rg. 8 shows a 
diagrammatic side view of machinery used to per- 
fom this automafion. Fenite head assembly 82 Is 
fed vertically, via an orienting hopper (not shown) 
and guides 101 and 102 until window 91 coincides 
with the opening 103 in strip guide 104. Head 
assembly 82 is then held into place by movable 
fingers 108. 107. and 108. Continuous circuit strip 
109. which is made up of numerous circuits 20 
(Rg. 2) with a perforation between each circuit 
comes from roll 111 as a continuous ribbon, fed by 
wheel pairs 112. 113, 114. and 116. 

Strip 109 moves past wheels 112 and 113 to 
funnel 105 and strip guide 104. Rgs. 9A-9C show 
cross sections of funnel 105 and strip guide 104 
taken along lines 9A-9A. 9B-9B. and 9C-9C, re- 
spectively. Funnel 105 gradually forces wider end 
portion 24 (Rg. 2) to curt In an increasingly tighter 
loop. Rg. 9C shows the funnel 105 and strip guide 

104 coming together to enable strip 109 to be 
Inserted into window 91 of integrally fomied core 
m6mt)er 81. 

After strip 109 Is sensed by sensors 119 and 
121, fingers 117 and 118 close on strip 109. and 
wheels 112, 113. 114. and 116 become Idle. Ught 
emitting/sensing device pair sensors 122 and 123 
detect sensing hole 26 In circuit 20 (Rg. 2). thus 
indicating that the conductor center line 48 (see 
Rgs. 2 and 3) Is aligned with core member center 
line 83. Movable fingers 106-108 are then released. 
Head assembly 82 is now moved out to the right 
(by means not shown), with the strip, since center 
portion 46 of circuit 20 is friction fitted to the size 
of window 91 . 

Note that as strip 109 is moved to the right 
with head assembly 82. strip 109 is curied by 
funnel 105 and strip guide 104. This Is done simply 
to pull the remaining strip portion through funnel 

105 and strip guide 104, as the insertion through 
window 91 has already been performed. 



Strip 109 continues to be moved to the right 
with head assembly 109 until sensors 122 and 123 
sense sensing hole 27 (Rg. 2) of circuit 20, Indicat- 
ing that a perforation in strip 109 between two 
6 circuits 20 is positioned directly under strip cutter 
104. When this occurs, movement of the strip 
stops and strip cutter 124 is advanced to cut strip 
109 against strip guide 104. Strip cutter 124 is free 
to advance since finger 106 is now removed from 

10 the path traveled by cutter 124. As a result of the 
above operation, drcurt 20 Is centered in window 
91 of core member 81. 

Note that sensor 123 Is actually two adjacent 
sensors used to sense displaced sensor holes 26 

75 and 27. Also, one skilled in the art would quickly 
realize that sensors 122 and 123 could operative 
reflectively by detecting martcs In the strip. Sensing 
.boles 26 and 27 would be then replaced with 
detecting martcs printed on the surface of strip 21. 

20 Of course, sensors 122 and 123 would have to be 
on the same side of the strip in this case. 

Rg. 10 shows a top view of the machinery 
used to close circuit 20 around core member 81 
and solder the respective pads together. Head as- 

25 sembly 82 (with inserted circuit 20) is placed in 
recessed portion 155 of fixture 151 at a starting 
location between plungers 152 and 153. shown in 
their starting positions. Races 156 and 157. are 
outside recessed portion 155 of fixture 151. Plung- 

30 er 152 moves from left to right, moving head as- 
sembly 82 against plunger 153 and then continues 
until head assembly 82 has reached ending lec- 
tion 158. 

Rg. 11 is -a cross-sectional view of Rg. 10 
35 taken along line 11-11. showing head assembly 82 
(witfi Inserted circuit 20) in ending location 158. 
Once head assembly 82 is In ending location 158. 
fixture 161 can close, tiiereby aligning tiie connec- 
tor pads of circuit 20 for soldering,^ as discussed 
40 previously. Soldering can be perfonned using any 
of the mettiods explained previously (except ca- 
pacitance soldering) tiirough apertures 162 and 
163. A different fixture is required for capacitance 
soldering, where tiie aligning portion of the fixture 
45 is separate, from tiie soldering portion, and tiie two 
halves of the soldering fixture are electrically In- 
sulated. 

After the soldering is complete, fixture 161 
opens and plunger 152 Is . returned from right to 

50 left, as plunger 153 moves head assembly 82 out 
of fixture 151. 

While we have illustrated and described tiie 
preferred and alternate embodimeints of our inven- 
tion, It Is understood ttiat we do hot limit ourselves 

55 to tiie precise constnjctions disclosed herein. We 
expressly reserve ttie right to all changes and 
modifications coming witiiin the scope of the inven- 
tion as defined In ttie appended claims. 
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Claims 

t. A flexible drcult magnetic core winding for 
an integrally formed core member having a win- 
dow, comprising: 

a strip of flexible insulating material; 

a plurality of substantially parallel conductors hav- 
ing connector pads, wherein said connector pads 
are formed In a plurality of rows to maximize the 
size of said connector pads and the distance be- 
tween said connector pads; 

a piurality of leads on said strip attached to said 
connector pads; 

wherein s^d Connector pads are originating pads 
and terminating pads, each of said terminating 
pads contacting the originating pad at the next 
adjacent conductor to form a multi-turn winding 
when the ends of said strip are brought together 
and said contacted pads are electrically connected. 

2. The flexible circuit magnetic core winding of 
claim 1, wherein one of said leads Is a center tap 
leajd. 

3. The flexible circuit magnetic core winding of 
claim 2, further comprising a plurality of additional 
parallel conductors between said parallel conduc- 
tors for creating a plurality of windings. 

4. The flexible circuit magnetic core winding of 
any one of claims 3-1. wherein said strip has a first 
end, a middle section, and a second end, said first 
end and said second end t)elng substantially wider 
than said middle section. 

5. The flexible circuit magnetic core winding of 
claim 4, wherein said second end of said strip 
further comprises a narrow tab for easy insertion in 
said core member. 

6. The flexible circuit magnetic core winding of 
any one of claims 1-5, wherein: 

said conductors are embedded in said strip and 
said connector pads are at the surface of said strip. 

7. A method of assembling a flexible magnetic 
core winding through the window of an integrally 
formed core member, said winding including a strip 
of flexible insulating material and a plurality of 
substantially parallel conductors having originating 
pads and terminating pads, comprising the steps 
of: 



each of said terminating pads contacts the originat- 
ing pad of the next adjacent conductor; and 

soldering said contacted pads to create a mufti-tum 
6 winding around said core member. 

8. An automated method of assembling a flexi- 
ble magnetic core winding through the window of 
an integrally fomied core member, said winding 
including a strip of flexible Insulating material and a 

10 pluraTity of substantially parallel conductors having 
originating pads and terminating pads, comprising 
the steps of: 

inserting a portion of said strip through said window 
of said core memben 

IS 

sensing when the middle of said parallel conduc- 
tors is substantially aligned with the middle of said 
core member; 

stopping said Inserting step responsive to said 
sensing step; 

placing said core member into a narrowing fixture 
that operates to bring the ends of said strip closer 
together; 

aligning said terminating pads with said originating 
pads so that each of said terminating pads contacts 
the originating pad of the next adjacent conducton 
and 

ft 

soldering said contacted pads to create a multi-liim 
Grinding around said core member. 

9. The automated method of claim 8. further 
comprising the step of: 

curiing said flexible strip through a funnel-shaped 
member to ease said inserting step. 
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Inserting said strip through said window of said 
core member so that the middle of said parallel 
conductors is substantially aligned with the middle 55 
of said core member; 

folding said strip around said core member so that 
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FIG, 4A, 

(PLATING PROCESS) 
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FIG. 9A. FIG. 9B. FIG. 90. 
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